Abstract: This study addresses the two-machine flow-shop scheduling problems in which both machines are versatile and thus alternative operations are possible. The performance measures are the mean flow time and makespan of jobs, respectively. The problem is formulated as two integer programming models and two heuristics are developed. Computational results are provided to demonstrate the efficiency of the models and the effectiveness of the heuristics. The integer programming technique is inefficient even for small problems. For the set of problems with kno\Vll optimal solutions, the average percentage errors of heuristics H 1 and H 2 are within 10%, respectively. For the set of problems with illlknown optimal solutions, the average percentage errors of heuristic H 1 for solving the mean flow time is 20.09%, while the average percentage errors of heuristic H 2 for solving the makespan is 20.84%.
INTRODUCTION
Automated Manufacturiug Systems (AMS) may require a large capital investment, however, the key to success in implementation of AMS is the effective utilization of manufacturing resources (e.g., machines, tools, fixtures, pallets and feeders) through the application of efficient scheduling algorithms. In contrast to the conventional asslllllption that only one of each type of machine is available, some of the machines can perform alternative operations as well as their primary operations. Therefore, the assignment of factory resources to production tasks can exploit the versatility of AMS. Restated, rather than the traditional approach of separating process planning and production scheduling, an AJ\.1S can integrate these two fnnctions by including alternative operations in operation routing during the scheduling stage. Such a system aims to simultaneously optimize operation allocation among machines and operation loading sequence to machines. Wilhelm and Shin (1985) concluded that the implementation of alternative operations could reduce flow time and the in-process inventory in a Flexible Manufacturiug System (FMS). Srihari and Greene (1988) considered alternate routings strategies that could prevent bottlenecks, reduce in-process inventory, balance machine utilization and minimize flowtime. Liao et al. (1995) presented two integer programming models for a permutation flow-shop where one or more processors had the flexibility to perform other operations besides their O\Vll and developed a heuristic to solve the problem with predetermined job sequence. Lee and Mirchandani (1988) studied a two-versatile-machine flow-shop problem and showed that the problem could be reduced to three versions of zero-setup, one-setup and two-setup problems. Cheng and Wang (1999) considered the NP-complete one-setup version of the problem studied by Lee and Mirchandani (1988) and derived a tight worst-case error bonnd for the heuristic presented by Lee and Mirchandani (1988) and proposed another heuristic with a tight worst-case error bonnd of 3/2. Pan and Chen (1997) showed that scheduliug the two-machine flow-shop where either one or both machines are versatile to perform alternative operations was NP-complete and developed a branch-and-bonnd algorithm to solve the problem optimally. Cheng and Waug (1998) presented a general pseudo-polynomial dynamic programming scheme for the problem studied by Pan and Chen (1997) and showed that the solution scheme could be modified to solve the problems
